tamed by the conventional solid-state reaction, that involves the mechanical mixing of precursors and follows with a long time high temperature treatment and extending grinding , have a relatively low specific capacity and severe capacity decay with cycling. It is well known that lower lithium-ion mobility associated with 3-dimensional spinel lattice as well as a Jahn-Teller distortion associated with Mn3+ has posed some difficulties in the development of Lin2O4 cathode . In order to minimize the problem of Li+ mobility, it is sary to keep the particle size of LiMn2O4 small and thereby reduce the diffusion length of Li ions. With this perspective, several low4emperature methods such as sol-gel,9) melt imregnation,3) the Pechini process10) and other synthesis routes have been used to synthesize LiMn2O4 powder, It has been reported that the specific capacity of cathode and diffu sion coefficient of lithium ion could be enhanced by the higher specific surface area.2), 11) Thus low temperature sy thesis such as solution process is an ideal method to fabri cate fine oxide powder. Recently, solution techniques have been widely used to synthesize high performance LiMn2 powder that provides the advantages of homogeneous mix ing, lower synthesizing temperature and high specific sur face area. Although these methods show some improvement of the electrochemical properties of lithium manganese oxides, some problems still remain to be solved. For exam ple, the presence of undesirable phase, high processing cost or the difficulty to operate and scale-up. Therefore, a simple cost-effective citric acid gel process was chosen in this study to synthesize high surface area LiMn2O4 cathode powder at low temperature. The main objectives of this work include (1) to investigate the effects of the calcination temperature, time and atmosphere on the surface area, morphology and stoichiometry and (2) to study the phase transition mechan ism associated with the calcination process when the LiMn2O4 cathode is synthesized using citric acid gel 463 process.
2.
Experimental procedure 2. (a) Figure  4 and This reaction suggests that manganese ion can be reduced to the valence of +3 by the removal of oxygen from the anion sublattice when the samples were heated at higher enough temperatures in air. In LiMn2O4-x phase, the reduc tion of Mn4+ to Mn3+, in which the average valence of man ganese ion state is less than 3.5 could result in the structural instability of the cubic spinel structure.
The reduction of symmetry from cubic to tetragonal indicates a change in lo® cal symmetry of MnO6 octahedron from Oh to D4h resulting from a cooperative Jahn-Teller distortion of Mn3+ ions in octahedral sites.7) Thus, the results indicate that the reduc tion of Mn4+ to Mn3+ in cubic spinel tends to distort the lat tice and form the tetragonal lattice. Therefore, the oxygen content in the surrounding atmosphere is expected to play an important role in the stability of the cubic spinel. In the present work, the LiMn2O4-x in air due to the loss of oxygen also increased the concentration of Mn3+. 
